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OLIGONUCLEOTIDES FOR STIMULATING IMMUNE RESPONSE 

Technical Field 

The present invention relates to oligonucleotides for stimulating immune 

5 response. 

Background Art 

In general, vertebrate animals have evolved the immune system that 
recognizes a few characteristic microbial molecules to rapidly perform immune 

10 activity against microbial invasion. Several Investigators reported that bacterial 
DNA has characteristic motifs that are not common in vertebrate DNA. These 
factors have been found to activate immune cells (Gilkeson, G. S. et al. (1995) J. 
Clin. Invest 95, 1398-1402). Distinguished differences between vertebrate DNA 
and bacterial DNA are in that vertebrate DNA is CpG suppressed and 

15 approximately 70% of the vertebrate DNA is methylated to cytosine of CpG 
motif dinucleotide (Krieg, A. M., et al. (1995) Nature 374, 546-549. Here, CpG 
suppression means that about 30 to 50% CpG fewer than statistically expected 
are expressed. CpG suppression has been reported to be expressed in 
intracellular parasites such as Plasmodium falciparun, and bacterial genomes 

20 such as Mycobacterium jannaschii. When the Intracellular parasites and 
bacteria invade vertebrates, they act like vertebrate genomes due to CpG 
suppression, thereby inducing immune avoidance (Karlin, S., et al. (1994) Proc. 
Natl. Acad. Sci. USA 91 , 837-841). There has been research into CpG motif that 
Is most contributable to activation of innate immune system. According to the 
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results, in mice and rabbits, the sequence of purine-purine-CG-pyrimidine- 
pyrimidine is the greatest contributing sequence in increasing immunoactivity, 
most preferably GACGTT (Yi. A. -K., et al. (1998) J. Immunol. 160, 5898-5906). 
On the other hand, It has been known that GTCGTT is the most optimal GpG 
5 motif in humans (Hartmann, G., et al. (2000) J. Immunol. 164, 944-953). It has 
been demonstrated that GTCGTT, which is an optimal GpG motif in humans, is 
also optimal GpG motif in vertebrate animals such as cows, sheep, cats, dogs, 
goats, horses, pigs, or chickens. (Brown, W. 0., et al. (1998) Infect. Immun. 66, 
5423 - 5432). More recently, it has also been found that a CpG motif expressed 

10 by bacterial DNA rapidly activates polyclonal B cell to promote secretion of IgM 
(Yi, A. -K., et al.) and CpG motifs directly activates B cell to rapidly secrete IL-6 
and IL-12 (Yamamoto, S., et al. (1992) Microbiol. Immunol. 36, 983-997). Also, it 
has been found that CpG motif acts on NK cells to induce IFN-y in CD4+ cell 
(Slacey, K. J„ et al. (1996) J. Immunol. 156, 4570-4575). 

15 Many researchers have demonstrated that CpG motif expressed by E. 

coli chromosomal DNA (to be referred to as "EC DNA" hereinafter) activates the 
innate immune response (Ballas, Z. K., Rasmussen, W. L, and Krieg, A. M. 
(1996) J. Immunol. 157, 1840-1845). However, since the EC DNA is large-sized 
and has a complex structure, It cannot directly act on an immune cell when CpG 

20 motif is not exposed to the surface thereof. 

Disclosure of the Invention 

To solve the above problems, it is an object of the present invention to 
provide oligonucleotides for stimulating immune responses by partially digesting 

2 
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large-sized EC DNA by DNase I and to provide determining optimal sequences 
by modification of sequences. 

To accomplish the above object of the present invention, there is 
provided oligonucleotides for stimulating immune response, comprising a 
5 sequence of 5'-RYCGYRCGYYG[RA1CRRR-3'(SEQ ID NO: 1), where R 
represents purine nucleotides such as adenine or guanine, and Y represents 
pyrimidine nucleotides such as cytosine or thymine. 

Also, the present invention provides oligonucleotides for stimulating 
immune response further comprising YYYY at their 3' terminal. Here, Y 
10 represents pyrimidine nucleotides such as cytosine or thymine. 

In the present invention, the oligonucleotides preferably comprises a 
sequence of 5'^GTGGCACGTTGACGAA-3' (SEQ ID NO: 8), 5'- 
GTCGCACGTTGTCGAA-3' (SEQ ID NO: 9) or 5'-GTCGCACGTTGCCAAA-3' 
(SEQ ID NO: 10), more preferably 5'-GTCGCACGTTGCCGAA-3' (SEQ ID NO: 
15 2), and most preferably 5'-GTCGCACGTTGACGAACTTC-3' (SEQ ID NO: 11), 
5'-GTCGCAGGTrGTCGAACTTC-3' (SEQ ID NO: 12), 5'- 

GTCGCACGTTGCCAAACTTC-3' (SEQ ID NO: 13) or 5'- 

GTCGCACGTTGCCGAACTTC-3' (SEQ ID NO: 3). 

In the present invention, the nucleotide-nucleotide bond can be both a 
20 phosphodiester bond and a phosphorothioate bond. In a preferred 
embodiment, the nucleotide-nucleotide bond is a phosphodiester bond. 

In an embodiment, the respective linked sites of the nucleotides are all 
substituted by phosphorothioate bonds. Here, non-bridging oxygen is 
substituted with sulfur. This technique is often employed by Antisense RNA 

3 
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researchers, and is available from most synthetic oligo manufactures. All 
synthetic oligonucleotides used in the present Invention are purchased from 
Geno Tech Corp. (Daejeon-city, Korea). 

5 Brief Description of the Drawings 

The accompanying drawings, which are incorporated in and constitute a 
part of this specification, illustrate several embodiments of the invention and 
together with the description, serve to explain the principles of the invention, in 
which: 

10 FIG. 1 shows IL-8 promoter activation of EC DNA treated RAW 264.7 

cells. FIG. 1a shows the comparison results of the level of IL-8 promoter 
activation of macrophages depending on the sizes of EC DNA fragments, and 
FIG. 1b shows Immune response induction experiment of macrophages 
depending on the treatment time of EC DNA fragments; 

15 FIG. 2 shows IL-12 promoter activation of EC DNA treated RAW 264.7 

cells of various sizes for 24 hours, in which EC DNA1 is intact E. coli 
chromosomal DNA, EC DNA2 > 1 Kbp, EC DNA3 is in the range of 100 bp~1 
Kbp, EC DNA4 Is in the range of 50-200 bp, and EC DNA5 is In the range of 
10-50 bp; 

20 FIG. 3 shows the humoral immune responses of Balb/c mice perltoneally 

immunized by EC DNA and hen egg lysozyme (HEL); 

FIG. 4 shows the nuclear localization of NF-kB according to EC DNA 
stimulation, in which Raw 264.7 cells are treated with EC DNA4 (1 .5 \ig/m\) for 
20 minutes to fix the cells, indirect immunofluorescence is performed with NF- 

4 
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kB p65-specific antisera, and staining is performed witii Hoechst N0.33258 to 
visualize the nuclei; 

FIG. 5 shows the results of IL-8 promoter luciferase assay with synthetic 
oligonucleotides, in which FIG. 5a shows screening of synthetic nucleotides by 
5 luciferase assay using promoter-reporter constructs, FIG. 5b shows oligo-4 of 
5'-GTGGCACGTTGCCGAACTTC-3', oligo-4S as its phosphorothioester type, 
and oligo-4short of 5'-GTGGCAGGTTGGCGAA-3'; and 

FIG. 6 shows the results of IL-8 promoter luciferase assay with 
sequence-modified oligo'-4; and 
10 FIG. 7 shows comparison results of luciferase assay effect exhibited 

when a phosphothioate backbone is modified in the sequence linkage structure 
of oligo-4 and control group, In which FIG. 7a shows the luciferase assay effect 
exerted on phosphodiester backbone of oligo-4 in the RA\N 264.7 cell line, and 
FIG. 7b shows the luciferase assay effect exerted on phosphodiester backbone 
15 of oligo-4 in the RPMI 8226 cell line; 

FIG. 8 shows comparison results of cytokine production by treatment of 
human peripheral blood mononuclear cells (PBMC) with oligo-4 and control 
group with oligo, in which FIG. 8a shows that IL-12 p40 production is increased 
by phosphodiester type oligo-4 in the PBMC, and FIG. 8b shows that IFN-y 
20 production is increased by phosphodiester type oIigo-4 in the PBMC; 

FIG. 9 shows comparison results of expression of cytokines associated 
with inflammatory responses when RAW 264.7 cell line is treated with various 
kinds of oligos, confirming that treatment with phosphodiester type oligo-4 
increases IL-12 proportion. 



5 
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Best mode for carrying out the Invention 

Hereinafter, the present invention will be described in more detail with 
reference to non-limiting embodiments. 

5 

Example 1: Isolation of £. coli chromosomal DNA(EC DNA) 

E. coli was cultured in a shaking incubator, the cultured E. coli was 
recovered by centrigugation (yield: 15 g), and washed. Then, lysis A solution 
(Tris- EDTA pH 7.4, 100 |ig/ml lysozyme) was added to the resultant material 

10 and reacted. After one-hour reaction, a lysis B solution (Tris-EDTA pH 7.4, 1 % 
SDS, 25 |j,g/ml RNase A) was added to the reactant product and reacted for one 
hour at 37°C. Proteinase K (100 \ig/m[) was added and reacted for 4 hours, 
followed by homogenizing E. coli. Then, the supernatant was extracted by 
centrifugation. Chloroform and the supernatant are added in the same amount 

15 and reacted for 4 hours. The supernatant was extracted by centrifugation, and 
EC DNA (3 mg/ml) was obtained by ethanol precipitation. 

Example 2: Production of EC DNA Fraoments using Enzymatic Activity of 
DNase i and Removal of Endotoxin 

20 Chromosomal DNA derived from E. coli was digested by the enzymatic 

activity of bovine DNase I, thereby producing EC DNA fragments. 200 mg of EC 
DNA and 0.02 units of DNase I were reacted at 37°C for 0 minute, 5 minutes, 10 
minutes, 40 minutes, and 2 hours. 10 ml of phenol, chloroform and 
isoamylalcohol were mixed in a ratio of 25:24:1 and centrifuged to extract 

6 
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supernatant. Then, DNA was precipitated by ethanol precipitation, and the 
precipitate was waslied with distilled water and dried, After the precipitate was 
dissolved in distilled, Triton X-114 was added to reach the final concentration of 
0.5%, and reacted at 4°C for 4 hours. The resultant product was allowed to 
5 stand at 37°C for 5 minutes and centrifuged at room temperature to extract 
supernatant. DNA was precipitated by ethanol precipitation, and the precipitate 
was washed with 70% ethanol to dry the precipitate. The precipitate was 
dissolved in 200 ml of distilled water, producing EC DNA fragments. 

In order to remove LPS, the produced fragments were treated with triton 

10 X-114 and reacted at 4°C for 4 hours. In such a manner, LPS was dissolved 
by a detergent layer and supernatant was then isolated. It was confirmed that 
the LPS contained in each EC DNA fragment sample was measured by Limulus 
Amebocyte Lysate (LAL) test kit for measuring the amount of endotoxin 
(manufactured by BioWhittaker), confirming the level of the LPS detected was 

15 0.075 EU/ml or less. The EC DNA fragment samples, from which LPS was 
removed, were used in carrying out experiments in the present invention. 

Example 3: Immune Response Induction of EC DNA fragments 

1) Macrophage cell line culture of mice 
20 RAW 264.7 cells as macrophage cell lines of mice were purchased from 

American Type Culture Collection ([ATCC] Rockville, iVlD). The cells were 
cultured in Dulbecco's modified Eagle's medium (DMEiVi) containing 10% fetal 
bovine serum (FBS) (manufactured by Gibco BRL). The cells were cultured in 
an incubator containing 5% CO2 (Forma) at 37''C. The number and survival rate 

7 



wo 2004/078772 



PCT/KR2004/000443 



Of cells while the cells are cultured were periodically measured using a 
hemocytometer by trypan blue exclusion. Throughout the experiments, the 
survival rate of cells was maintained at higher than 95%. 

2) Luciferase reporter olasmid 

lL-8 promoter portions corresponding to -135 bp to +146 bp were PCR- 
amplified on human genomic DNA (Clontech) using primers shown in Table 1 . 



Table 1 



5' primer (SEQ ID NO: 4) 


5'GTGAGATCTGAAGTGTGATGACTCAGG3' 


3' primer (SEQ ID NO: 5) 


5'GTGAAGCTTGAAGCTTGTGTGCTCTGC3' 



pGL3-Basic plasmid (Promega) was cleaved with restriction enzymes Bgl 
II and Hind III, and the amplified IL-8 promoter portions were linked to prepare 
\L-8-Luc reporter constructs (Wu, G D., et al. (1997) J. Biol. Chem. 272, 2396- 
2403). IL-12 promoter portions ranging from -373 bp to +52 bp were PCR- 
amplified on human genomic DNA (Clontech) using primers shown in Table 2. 



Table 2 



5' primer (SEQ ID NO: 6) 


5'CATGAGCTCAGCCTCCCGTCTGACC3' 


3' primer (SEQ ID NO: 7) 


5'CTGGGCTCGAGGGAGAGTCCAATGG3' 



pGL3-Basic plasmid (Promega) was cleaved with restriction enzymes 
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Sac I and Xho I, and amplified IL-12 promoter portions were liked to product IL- 
12-Lt/creporter constructs (Plevy, S., et al. (1997) Mol. Cell. BiolAT, 4572 - 
4588). 

5 3) Transfection 

RAW 264.7 ceils were placed in a 12-well plate in an amount of 5x10^ 
cells/well and cultured at 37°C for 24 hours. The culture medium was removed 
and washed with PBS. 1 ml of fresh DMEM culture medium was added to each 
well and cultured again at 37°C for one hour. FuGene 6 transfection reagent 
10 (Roche) (1.5 nl/well), luciferase-reporter plasmid (0.2 ^ig/well), pRL-null plasmid 
(20 ng/well) and serum free DMEM (50 nl/well) were mixed. Reporter plasmid 
was transfected to RAW 264.7 cells and cultured at 37°C for 24 hours. 

4) Identification of IL-8. IL-12 Promoter Activation bv EC DNA Fragments 
15 EC DNA fragments of 50-200 bp (3 ng/well) were distributed to each well 

to treat IL-8 promoter reporter construct-transfected RAW 264.7 cells and 
cultured at 37°C for various time periods of 2, 4, 6, 8, and 12 hours. The culture 
medium was removed and a passive lysis buffer of Dual-Luciferase reporter 
assay system (Promega) was added to each well (100 nl/well) to pulverize the 
20 RAW 264.7 cells. The cell lysates were centrifuged to remove the cell debris. 15 
^1 of the obtained supernatant was subjected to luciferase assay. Luciferase 
activity was measured using a TD-20/20 (Turner designs) luminometer. In the 
same manner, EC DiS!A fragments were treated at various sizes (3 ng/well) and 
reacted in a 5% CO2 incubator at 37°C for 6 hours to evaluate IL-8 promoter 

9 
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activation. In ttie IL-12 promoter activation experiment, after treating the EC 
DiS!A fragments, tiie reaction was maintained for 24 hours and then the 
promoter activation was evaluated. 

In order to identify immune response induction of macrophage cells by 
5 EC DNA fragment size, the activation of a promoter (IL-8 promoter) containing 
NF-kB binding sequence was evaluated by luciferase assay. As shown in FIG. 
la, the IL-8 promoter activation levels of the macrophage cells depending on 
the EC DNA fragment size were compared. The comparison results showed that 
the promoter activation level was higher as the size is reduced. In the immune 

10 response Induction experiment of the macrophage cells depending on the 
treatment time EC DNA fragments, as shown in FIG. 1a, it was confirmed that 
the IL-8 promoter activation level was highest when the EC DNA fragments 
were treated for 8 hours. FIG. 2 shows the experimental results of promoter 
activation of macrophage cells using IL-12 p40 promoter in the same manner as 

15 described above. Like In the IL-8 promoter activation experiment, as the size of 
EC DNA fragment was reduced, the level of activation increased. 

Example 4: Induction of humoral immune response of EC DNA fragments 
1) Immunization 

20 A mixture of hen egg lysozyme (HEL, 50^g/mouse) and EC DNA 

fragment of various sizes (100 ng/mouse) was intraperitoneally administered to 
4-weel< Balb/c mice. After 1 week, the second administration of the same 
amount of the mijdure was performed. At the end of one week, the mice were 
bled by heart punching, and centrifugation was performed to precipitate blood 

10 
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cells, thereby obtaining mouse serum. ELISA was performed on the serum to 
measure the titer of anti-HEL antibody (total IgG). 

2) ELISA 

5 The serum was diluted with PBS/0.2% sodium azide in a ratio of 1:10 

and stored at -20°C. 10 ng/ml of HEL was placed in a 96 well Immunoplate 
(Nunc), allowed to stand at 4*0 for 16 hours, and plated on the bottom of the 
plate. The plate was washed with PBST containing PBS and 0.05% Tween 20, 
1% BSA was added thereto for blocking, and allowed to stand at room 

10 temperature for one hour. The serum was continuously 3-fold diluted with PBS 
plate to then be added to the plate, allowed to stand at 4°C for 16 hours, and 
washed with PBST. Alkaline phosphatase-conjugated detecting antibody was 
mixed with PBST and added to the plate, followed by allowing the plate to stand 
at room temperature for 2 hours. 1 :2,000 goat anti-mouse lg(H+L) (Southern 

15 Biotechnology Associates) antibody was used to detect the total Ig. To achieve 
color development, 1-stepTM ABTS (Pierce Chemical) was added to the 
resultant product, and the absorbance was measured with ELISA reader 
(Labsystems) at 405 nm. 

EC DNA fragments were administered into the peritoneal cavity of mice 

20 with hen egg lysozyme (HEL) to examine humoral immune responses. When 
EC DNA fragments of 100 bp to 1 kbp were administered together, the IgG titer 
was highest (FIG. 3). Compared to the case where HEL was administered alone, 
the amount of the antibody in the case where HEL was administered together 
with the EC DNA fragments increased, suggesting that the EC DNA fragments 

11 
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effectively acted as an immune adjuvant in the humoral immune responses. 
Freund's adjuvant is one of the representative immune adjuvants that have 
been widely used until now. However, this immune adjuvant has a problem in 
that it is incapable of stimulating cellular immune responses. It was found EC 
5 DMA to act not only as an immune adjuvant for stimulating humoral immune 
responses but also as an immune cell stimulator for inducing cellular immune 
responses, In conclusion, EC DNA fragments can be effectively used as a new 
immune adjuvant. 

10 Example 5: NF-kB Activation bv EC DNA Fragment Treatment 

A cover glass was placed in a 24-well plate, Raw 264.7 cells were added 
thereto in an amount of 5x10^ cells/ml and cultured at 37°C in a 5% COa 
incubator for 24 hours. Each 1 .5 \iq of EC DNA fragments of 50-200 bp was 
treated for each well. After 20 minutes, to fix the cells, PBS containing 3.7% 

15 formaldehyde was added to 200 \i\ in each well and allowed to stand at room 
temperature for 1 0 minutes, followed by washing with PBS. In order to make the 
cells permeable, PBS containing 0.2% Triton-X 100 was added to 200 |j,I in each 
well and allowed to stand at room temperature for 10 minutes, followed by 
washing again with PBS. A solution obtained by adding 1% donkey serum to 

20 PBS (PBST) containing 0.2% Tween 20 was placed in each well (200 jxl/well) 
and blocked for 30 minutes. Then, mouse anti-p65 (titer 1 : 500) antibody (0.5 
|Lil/well) was added to PBST and allowed to stand at room temperature for 2 
hours, followed by washing the well (200 {il/well) with PBST. The same 
procedure was repeated 3 to 4 times. 0.5 ^i! of donkey-anti-mouse-lgG-FITC 

12 
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(titer 1 :250) antibody was added to each well and allowed to stand for 2 hours. 
The resultant product was repeatedly washed with PBST 3 to 4 times and dried, 
followed by observing nuclear localization of NF-kB using confocal microscopy. 
FIG. 4 shows the nuclear localization of NF-kB by immunostatining, as 
5 observed by confocal microscopy. In control group to which no treatment has 
been applied, NF-kB was sequestered in cytoplasm. However, when the cells 
were treated with LPS, it was confirmed that NF-kB localization toward the 
nucleus after 20 minutes. The same result was applied to the case where the 
macrophage cells were treated with EC DNA fragments, that is, NF-kB was 
10 localized to the nucleus. 

Example 6: Sequence Analysis of EC DNA Fragments 

1) Enzvme treatment of EC DNA fragments 

EC DNA fragments of 100-1000bp were subjected to ethanol 
15 precipitation, and the precipitate was dissolved in distilled water. 10 mM of Tris- 
HCI, 5 mM of MgCIa, 7.5 mM of dithiothreitol (pH 7.5, 25°C), 1 mM dNTP, and 5 
units of Klenow (NEB), and 10 ng of EC DNA were reacted at 25°C for 20 
minutes In the presence of a Klenow enzyme, thereby achieving gap filling. After 
20 minutes, the reaction was terminated, and EC DNA fragments were 
20 recovered by nucleotide removal kit (Qiagen). In order to phosphrylate EC 
DiSIA, 70 mM of Tris-HCI, 10 mM of MgClg, 5 mM of dithiothreitol (pH 7.6, 25°C), 
10 units of T4 polynucleotide kinase (NEB), and 5 |xg of EC DNA at 37°C were 
reacted for one hour in the presence of a polynucleotides kynase, and 1 |xl of 
0.5 M EDTA was added thereto, thereby terminating the reaction. 

13 
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2) Enzyme treatment of pGEM-T easy vector 

In order to cleave pGEM-T easy vector (Promega), 20 units of EcoR\ 
(NEB) and 2.5 ng of pGEM-T easy vector (Promega) were reacted at 37°C for 2 
5 hours. 0.5 M EDTA was added in an amount of 1 ii\ to terminate the reaction 
and vector recovery was made using a nucleotide removal kit (Qiagen). To 
achieve gap-filling, 10 mM of Tris-HCI, 5 mM of MgCIa, 7.5 mM of dithiothreitol 
(pH 7.5, 25°G), 1 mM dNTP, 5 units of Klenow (NEB), and 1 ^ig of vector were 
reacted at 25°C for 20 minutes, and 1 n\ of 0.5 M EDTA was added thereto to 

10 terminate the reaction. The vector was recovered using a nucleotide removal 
kit (Qiagen). In order to remove phosphates from the recovered vector, 100 
mM of NaCI, 50 mM of tris-HCI, 10 mM of MgCIa, 1 mM of dithiothreitol (pH 7.9, 
25°C), 2.5 units of calf intestinal alkaline phosphatase (CIP), and 0.5 |ig of 
vector was reacted at 37°C for one hour. The vector and EC DMA fragments 

15 were subjected to electrophoresis with 2% agarose gel to sever bands, 
respectively, and recovered using a gel extraction kit (Qiagen). In order to ligate 
the phosphate-removed vector with the phosphorylated EC DNA fragments, 50 
mM of Tris-HCI, 10 mM of MgCIa, 10 mM of DTT, 1 mM of ATP, 25 ug/ml of BSA 
(pH 7.5), 0.5 ng of vector, and EC DNA 2 \iq were reacted in the presence of 

20 400 units of T4 DNA ligase (NEB) and further reacted at 1 6°C for 1 6 hours. The 
resulting ligates were transformed using E. coli XL-1 blue competent cells 
synthesized by a CaCl2 method, cultured at 37°C for 12 hours, and plated in a 
LB plate, thereby screening white colonies. 



14 
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3) Confirmation of Insertion and Sequences 

The white colonies were cultured in a liquid LB (50 mg/ml ampicillin), 
respectively, cultured, centrifuged to obtain E. coli, and finally obtaining plasmid 
DNA using a QIAprep Spin Miniprep kit (Qiagen). The obtained plasmid DNA 
5 was cleaved with reatriction enzymes Nco I (NEB) and Psi I (NEB), confirming 
inserted size. Sequences of EC DNA fragments were confirmed by DNA 
sequencing, and analyzed for listing 20 oligonucleotides. 

Example 7: Examination of Immune Response of Synthetic 
10 Oligonucleotides 

RAW 264.7 cells were plated in a 12-well plate (5x10"* cell/well) and 
cultured in a 5% CO2 incubator at 37°C for 24 hours. IL-8 promoter reporter 
plasmid and pRL-null plasmid were co-tranfected and cultured in a 5% CO2 
Incubator at 37°C for 24 hours. Synthetic oligonucleotides were treated (10 

15 ixg/well), and tranfected, and cultured in a 5% CO2 incubator at 37°C for 6 hours. 
Then, the culture medium was removed and a passive lysis buffer of Dual- 
Luciferase reporter assay system (Promega) was added to each well (100 
Hl/well) to pulverize the RAW 264.7 cells. The cell lysates were centrifuged to 
remove cell debris. 15 |il of the obtained supernatant was subjected to 

20 luciferase assay. Luciferase activity was measured using a TD-20/20 (Turner 
designs) luminometer. In the same manner, IL-8 promoter-reporter plasmid, 
pRL-null plasmid and kBa supper repressor (kBa SR) plasmid were co- 
transfected to evaluate immune responses of the synthetic oligonucleotides. 

EC DNA fragments were cloned to pGEM-T-easy vector to determine the 

15 
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immuno-stimulatory sequences. Sequences of 34,173 bp in full length were 
assayed for 1 1 7 DNA fragments of 1 00 to 800 bp. This corresponds to 0.7% of 
ohronriosomal DNA size of E. coli K-12 strains, i.e., 4,639,221 bp. Tfiese 
sequences were randomly restricted to 20 bases using a computer program, 
5 and sequences having two or more CpG motifs were listed. In order to identify 
which sequence is derived from the synthetic oligonucleotide associated with IL- 
8 promoter activation of macrophage cells, luciferase assay was performed to 
evaluate the activation level. The results demonstrated that the oligonucleotide 
having the sequence of 5'-GTCGCACGTTGCCGAACTTC-3' (oligo-4) exhibited 

10 more than 8 times a higher level of IL-8 promoter activation than the control 
group (FIG. 5A). Other synthetic oligonucleotides exhibited substantially no 
effect of IL-8 promoter activation, which is also applicable to the control group. 
5'-GTCGGACGTTGCCGAA-3' was synthesized from the oligonucleotide that 
has activated the 11-8 promotei- by removing four bases CTTC of 3' end, i.e., a 

15 non-CpG motif portion, and the IL-8 promoter activation level was then 
measured. The measurement result showed that the activation level of the 
newly synthesized product was about 10 times higher than that of the control 
group. Also, when phosphodiester bonds were modified to phosphorothioate 
bonds, the synthetic oligonecleotide showed a level of IL-8 promoter activation 

20 of about 1 1 times higher than the control group (FIG. 5B). 



Escample 8: Inssectican of Sequence iyiodification and Immune Resgsonse of 
Synthetic Oligionuoleoticjes 

1) Sequence Modification of ollao-4 
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Sequences of oligo-4 were modified. Tlie first CG sequence of oligo-4 
was modified to GC, AG, TG, CA, and CT, and tlie second CG sequence was 
modified to GC, GG, AG, TG, CC, CA, and CT. The third CG sequence was 
modified to GC, AG, TG, CA, and CT. A base sequence of CA positioned 
5 between the first sequence CG and the second sequence CG was replaced by 
GA, AA, and TA. A base sequence of TTGC positioned between the second 
CG and the third CG was replaced by AAGC, CCGC, GGGC, TTGG, TTGA, 
TTGT, and TTCG. 

10 2) Inspection of Immune Response of Sequence Modified oliao-4 

Raw 264.7 cells were plated to a 12-well plate (5x10"* cells/well) and 
cultured in a 5% CO2 incubator at 37°C for 24 hours. IL-8 promoter- reporter 
plasmid and pRL-null plasmid were tranfected and cultured in a 5% CO2 
incubator at 37°C for 24 hours. Synthetic oligonucleotides were treated (10 

15 ^ig/well), and cultured in a 5% CO2 incubator at 37°C for 6 hours. The culture 
medium was removed and a passive lysis buffer of Dual-Luciferase reporter 
assay system (Promega) was added to each well (100 ^I/well) to pulverize the 
RAW 264.7 cells. The cell lysates were centrifuged to remove cell debris. 15 iil 
of the obtained supernatant was subjected to luciferase assay. Luciferase 

20 activity was measured using a TD-20/20 (Turner designs) luminometer. 

In order to identify which sequence is derived from the synthetic 
oligonucleotides associated with IL-8 promoter activation of macrophage cells, 
luciferase assay was performed to evaluate the activation level. The results 
demonstrated that the oligonucleotide having a sequence of 5'- 
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GTCGCACGTTGCCAAACTTC-3', 5'-GTGGCACGTTGACGAACTTC-3', or 5'- 
GTGGGACGTTGTCGAAGTTG-3' exhibited a relatively high level of . IL-8 
promoter activation than the control group (FIG. 6). Other synthetic 
oligonucleotides exhibited a relatively low lev/ei of IL-8 promoter activation. 
5 Among oligonucleotides that have activated the 11-8 promoter, a variant of the 
third GCCGAA sequence, that is, GCCAAA, i.e., a non-CpG motif portion, also 
exhibited IL-8 promoter activation. Based on the fact that the sequence of 5'- 
GTCGCACGTTGACGAACTTC-3', or 5'-GTCGCACGTTGTCGAACTTC-3' is 
involved in IL-8 promoter activation, it could be concluded that the IL-8 promoter 

10 activation can be enhanced by modifying the sequence adjacent to the third CG 
sequence of oligo-4 (FIG. 6). 

1 826, 2006, and 2041 mentioned in examples that follow after Example 9 
were oligonucleotides used as comparison examples. In detail, the sequence 
1826 represents TCCATGACGTTCCTGACGTT, 2006 represents 

15 TCGTCGTTTTGTCGTTTTGTCGTT, and 2041 represents 

CTGGTCTTTCTGG 1 1 1 1 1 1 ICTGG (0) means a phosphodiester bond and (S) 
means a phosphorothioate bond. 

Example 9: Comparison of IL-8 Promoter Activation bv Olfqos Modified in 

20 Phosphodiester and Phosphorothioate Backbones 

lL-8 promoter-reporter construct transfected RAW 264.7 cells and RPiVll 
8226 cells were treated with each 10 ^ig/ml of oligos having phosphodiester and 
phosphorothioate backbones. After 8 hours, the culture medium was removed 
and a passive lysis buffer of Dual-Luciferase reporter assay system (Promega) 
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was added to each well (100 ^I/well) to pulverize the RAW 264.7 cells. The cell 
lysates were . centrif uged to remove cell debris. 15 |nl of the obtained 
supernatant was subjected to luciferase assay. Luciferase activity was 
measured using a TD-20/20 (Turner designs) luminometer. 
5 FIG. 7 shows that oligos exhibited different levels of IL-8 promoter 

activation according to the oligonucleotide sequence and backbone. As shown 
from FIG. 7, among phosphodiester type oligos, oligo-4 was most effective on 
the RAW 264.7 cell line, which is a mouse macrophage line. In the RPMI 8226 
cell, which Is a human B cell line, only phosphorothioate oligos activated the IL- 
10 8 promoter. In particular, oligo-4 exhibited the highest activation level. 

Example 10: Comparison Cytokine Production Yields bv Treating Human 
Leukocvte Cell with oliao-4 and oliqo as Control Group 

PBMC was collected from human peripheral blood and each 1x10^ 

15 cells/ml of the collected PBMC was treated with oligos (1 0 ng/well) for 24 hours. 
The culture medium was isolated and subjected to sandwich ELISA. For 
production of cytokine, human IFN-y Quantikine M reagent (R&D Systems, 
Minneapolis, Minn.) or human IL-12 p40 reagent (R&D Systems, Minneapolis, 
Minn.) was used. The experiment was performed twice and the obtained 

20 experimental data were averaged. Antibody against cytokine was diluted with a 
carbonate buffer (SIGMA. C-3041) and coated on a 96-Well plate (NUNC. 
442404), followed by blocking with 3% BSA (SIGMA. A-2154). Samples to be 
tested were diluted at appropriate proportions and distributed to each well, 
followed by incubation for 2 hours. Then, the resultant product was reacted with 
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the antibody against biotinylated cytokine at 37°C for 1 hour and reacted with 
SaV-HRP (Pharmingen, 13047E) for 30 minutes, followed by washing. Color 
development was induced and absorbance was measured at 490nm. 

FIG. 8a shows that IL-12 p40 production Is increased by phosphodiester 
5 type oligo-4 in the human PBIVIC, and FIG. 8b shows that IFN-y production is 
increased by phosphodiester type oligo-4 in the PBMC. 

Example 11: Comparison of expressed cytokines associated with 
inflammatory re sponses wiien treated witli various kinds of oliaos 

10 10 ng/ml of phosphodiester type oligo and 5 ng/ml of phosphorothioate 

type oligo 1 826 were treated on RAW 264.7 cell line for 0.5, 1 , 2, 4, 8, 1 2 hours. 
Total RNA was extracted from the cell using a MicroRNA Isolation Kit 
(Stratagene, La Jolla, CA). cDNAs were derived from 5 ^g of total RNA using 50 
units of StrataScript reverse transcriptase and oligo (dT) primers (Stratagene, l_a 

15 Jolla, CA). 2 \i\ (5 ^g) of total RNA was reversely transcripted by first-strand 
cDNA specific primer. PCR amplification was performed by several steps, 
including DNA denaturation at 94°C for 1 minute, primer annealing at 60°C and 
DNA extension at 72°C for 2 minutes. 

FIG. 9 shows comparison results of expression of cytokines associated 

20 With inflammatory responses when RAW 264.7 cell line is treated with various 
kinds of oligos, confirming that treatment with phosphodiester type oligo-4 
increases an IL-12/TNF-alpha proportion. 



Industrial Applicability 
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As described above, the EC DNA fragments according to tlie present 
invention act as an immune adjuvant in forming HEL antibody to be associated 
with humoral immune responses. In the course of conducting research into IL-8 
promoter activation of macrophage cell, it was found that IL-8 promoter 
5 activation has brought about activation of innate immune cell. In particular, in 
order to identify specific sites Inducing immune responses in EC DNA fragments, 
20mer synthetic oligonucleotides were screened. Among the synthetic 
olidgonucleotldes, the most effective DNA fragment sequences in IL-8 promoter 
activation of macrophage cell are 5'-GTCGCACGTTGACGAA-3', 5'- 

10 GTCGCACGTTGTCGAA-3', 5'-GTCGCACGTTGCCAAA-3' or 5'- 
GTCGCACGTTGCCGAA-3', and 5'-GTCGCACGTTGACGAACTTC-3' , 5'- 
GTCGCACGTTGTCGAACTTC-3', 5'-GTCGCACGTTGCCAAACTTC-3' or 5'- 
GTCGCACGTTGCCGAACTTC-3'. 

Also, to evaluate effects of treatment with various kinds of oligos, 

15 expression levels of cytokines associated with inflammatory responses are 

compared. According to the comparison result, treatment with phosphodiester 

type oligo-4 increases IL-12/TNF-alpha proportion. 

The present invention has been described above by reference to the 
particular embodiments and figures, which, however, should not be construed 
20 as limitations on the scope of the invention but merely as illustrations of some of 
the presently preferred embodiments. It is to be understood that other 
modifications or substitutions may be made to the invention at the time of filing 
of this invention without departing from the scope of the invention. 
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What is claimed is: 

1 . An oligonucleotide for stimulating immune response, comprising 
a sequence of 5'-RYCGYRCGYYG[RA1CRRR-3'(SEQ ID NO: 1), where R 

5 represents a purine nucleotide, including adenine and guanine, and Y 
represents a pyrimidine nucleotide, including cytosine and thymine. 

2. The oligonucleotide of claim 1 , further comprising YYYY at its 3' 
terminal, where Y represents a pyrimidine nucleotide, including cytosine and 

10 thymine. 

3. The oligonucleotide of claim 1, comprising a sequence of 5'- 
GTCGCACGTTGACGAA-3' (SEQ ID NO: 8), 5'-GTCGCACGTTGTCGAA-3' 
(SEQ ID NO: 9), or 5'-GTCGGACGTTGCCAAA-3' (SEQ ID NO.: 10). 

15 

4. The oligonucleotide of claim 2, comprising a sequence of 5'- 
GTCGCACGTTGACGAACTTC-3' (SEQ ID NO: 11), 5'- 
GTCGCACGTrGTCGAACTTC-3' (SEQ ID NO: 12), or 5'- 
GTCGCACGTTGCCAAACTTC-3' (SEQ ID NO: 13). 

20 

5. The oligonucleotide of claim 1, comprising a sequence of 5'- 
GTGGCAOGTTGCGGAA-3' (SEQ ID NO: 2). 

6. The oligonucleotide of claim 2, comprising a sequence of 

22 
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5'-GTCGCACGTTGCCGAACTTC-3' (SEQ ID NO: 3). 

7. The oligonucleotide of claim 1 or 2, wherein the nucleotide- 
nucleotide bond Is a phosphodiester bond or a phosphorothioate bond. 

5 
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FIG. 3a 
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FIG. 5a 
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FIG. 5b 
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SEQUENCES 


tsHso-* 


CTCG CACGTTSCC.SAACTTC 




CTSCCftCGTTGCCSAACTTC' " 




CTAG CACGffaCCSAACTrT 


Ol(Sl>''4-t'^3 


5tTG CAC GTCG CC GAACTTc" 




CTCACACGTTGCCGAACTTC 


' uli.tt>-4-J-5" 


eTCTCACGTfGCCGAACTtc 


qllgo-*-2-1 


' CT^CAQCTTSCfigAACTTC 


oliga-4-2~3 


J CTCSCACGTTGCC GAACTTC 




CTCG CA/GTreciq G/wcrF c 


olig«-4-2--4 _ 


CTCS CAT^TTeCeS AACTTC 




CT<saCACCTTG CftgAACfrC 


0(i90;«-2-B 


CTCG CA^ATTS CCGAACTTC 


,01180.-4-2-7 


C TC6 OAC ms CfiSAACri'C 


dl"i90-4-3-l 


CJC5CACGTTGC^enAAC1rTC__ 


ollgo-4-3-2_ 


arcs cAc.gTirec AJ5AACTTC 


oliao-4-i-3"~ 


" &TCG.CACf frGCTSAACTrC 


nri90-4-3-4" 


CTC£.Ci^TTeCiEMACTTC . 


olliO-t-3-S 


OTSfiC/^JTreCfifAACTTC 




."nCGQASSTtlSCCGMpTTC 


0ll8,«»-4-A""2 


"cTj&ta.MfcOIT'SCpjaAACTTC 


oH9'tt-4-A"3j_' 


CittdTACfiff G CCS McVf C 




CTCS CAfiG A< GCC,GAACTTC 


oli3«-4-B-2 


CTCS CACG CCeCCSi-'AOTTC 






" oligo-^-C-J 


cncccc-ccTTCccG/- -'Cnx: 




cTCj" c • "/-Tre • '■-r ,v c rrc 


alrao-5.-C-3 


Crrrc 'TTlGir-n.- CTTC 


flli9o-4-e-9 


C1G~G, IfiTTC CfiSi'- GTTC 


aliao-fl-AC-J 


CTCG,*ACGTrCSCS&e.CTTC 



ACTIVATION FOLD 

4 5 8fl 7.5 
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FIG. 7 



A. RAW 264.7 
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Sequence Listing 

<110> KIM, Doo-Sik 

<120> Oligonucleotides for stimulating immune response 

<150> KR1020030013106 
<151> 2003-03-03 

<160> 13 

<170> Kopatentin 1.71 

<210> 1 

<211> 16 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> oligonucleotide 

<400> 1 

rycgyrcgyy ghcrrr 16 

<210> 2 

<211> 16 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Oligonucleotide 

<400> 2 

gtcgcacgtt gccgaa 16 



<210> 3 
<211> 20 
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Sequence Listing 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> Oligonucleotide 

<400> 3 
gtcgcacgtt gccgaacttc 

<210> 4 

<211> 27 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 5 ' primer for 11^8 promoter 

<400> 4 

gtgagatctg aagtgtgatg actcagg 

<210> 5 

<211> 27 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 3 ' primer for IL-8 promoter 
<400> 5 

gtgaagcttg aagcttgtgt gctctgc 



<210> 6 
<211> 25 
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Sequence Listing 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 5 ' primer for 11^12 promoter 

<400> 6 

catgagctca gcctcccgtc tgacc 25 

<210> 7 

<211> 25 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> 3' primer for IL-12 promoter 

<400> 7 

ctgggctcga gggagagtcc aatgg 25 

<210> 8 

<211> 16 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> oligonucleotide 
<400> 8 

gtcgcacgtt gacgaa 16 



<210> 9 
<211> 16 
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<212> DNA 

<213> Artificial Sequence 

<220> 

<223> oligonucleotide 

<400> 9 
gtcgcacgtt gtcgaa 

<210> 10 

<211> 16 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> oligonucleotide 

<400> 10 
gtcgcacgtt gccaaa 

<210> 11 

<211> 20 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> oligonucleotide 

<400> 11 
gtcgcacgtt gacgaacttc 

<210> 12 

<211> 20 



Sequence Listing 
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<212> DNA 

<213> Artificial Sequence 

<220> 

<223> oligonucleotide 

<400> 12 
gtcgcacgtt gtcgaacttc 

<210> 13 

<211> 20 

<212> DNA 

<213> Artificial Sequence 

<220> 

<223> oligonucleotide 

<400> 13 
gtcgcacgtt gccaaacttc 



Sequence Listing 
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